Textures in bulk Y-Ba-Cu-O superconducting materials were studied. Texturing methods are based on the paramagnetic anisotropy, grain-dimension anisotropy and surface-energy anisotropy of the crystals. Five incomplete X-ray pole figures including four superimposed ones were measured for the ODF calculation. The ODFs were calculated with the series expansion method including the positivity method by means of an iteration process.
INTRODUCTION
Since single crystals of high temperature superconductors exhibit a large anisotropy, the orientation distribution of crystallites in polycrystalline materials is an important factor to determine the superconducting properties, such as critical current which is one of the main limitations that stand in the way to practical applications.
Textures in powder-sintered bulk materials can be achieved by different methods. These methods are mainly based on three principles:
Magnetic anisotropy. As is well known, powder particles of ceramic superconductors tend to align with a crystal c-axis parallel to the magnetic field because of paramagnetic anisotropy (Farrell et al., 1987) . If a mixture of the ceramic powder and a suitable binder is put into a magnetic field, a strong texture in the composite can be obtained. After sintering, the binder is burnt away and the particles remain in the preferred orientation.
Grain dimension anisotropy. (Robertson et al., 1987) , cold extrusion (Rajan et al., 1989) and uniaxial cold pressing (Liu et al., 1989) In order to compare the texturing principles mentioned above, the textures developed by different methods were determined quantitatively. Since the properties of ceramic superconducting materials are similar with respect to the above mentioned three principles, only Y-Ba-Cu-O material was used. The samples were prepared by magnetic alignment and free rolling which is a method based on the aspect-ratio effect. The surface texture of uniaxially pressed samples was also measured. The orientation distribution functions (ODF) were calculated from measured pole figures using the series expansion method (Bunge, 1982) including positivity method (Dahms, 1989 Figure 2 . Figure 3 shows the experimentally measured and the re-calculated pole figures. Comparing these pole figures, it can be seen that they are very similar and their maximum density values correspond to each other quite well, e.g., the maximum value of the (113) pole figure is 2.49 for the experimental and 2.31 for the re-calculated one. In addition, the coincident pole figures are well separated.
As has been shown in Figure 2 , the "green" sample before sintering has a strong fibre texture with the (001)-axis parallel to the magnetic field. The maximum value of f(g) is 30.78 x random. After sintering, the texture becomes weaker, as is shown in Figure 4 . The maximum value of f(g) decreases to 22 x random. In addition, the texture deviates a little from pure fibre texture. Since the intensity distribution in pole figures ( Figure 5 ) is similar to the aspect of the sample (in our case the sample is a square plate), the deviation from pure fibre texture after sintering may be caused by anisotropic shrinkage of the sample during sintering. After sintering the density of the material was 3-3.5 g/cm3, i.e. only a half of the theoretical density. This is too low for practical application.
Ways may be found, however, to increase the density and at the same time the texture, too. Figure 6 shows the ODF of the surface texture of a pressed sample. It is also a (001)-fibre texture. The maximum value of f(g) is 7.88 x random. Surface texture was only found after sintering of the pressed powder sample. If the surface layer (with surface texture) was removed and the sample was annealed at 950C for 12 hrs once again, the strong surface texture appeared no more. Figure 7a shows the (005)+ (104) pole figure measured from the surface of a re-annealed sample.
Comparing with the surface texture of the powder-sintered sample (Figure 7b ) it is clear that the strong surface texture develops only by the first powder sintering.
Hence, it may be concluded that the defect structure of the powder particles after grinding provides a driving force for grain growth which is no more present in the second annealing process.
The (001)-fibre texture of a free-rolled sample (Figure 8 ) is very weak. The maximum value of f (g) is 1.88 x random. It is only slightly stronger than that of a uniaxially pressed sample, as is seen in the pole figures shown in Figure 9 . Figure   10 finally shows the (006)+ (200) pole figures of the free-rolled sample, the surface texture and the magnetically aligned sample. It can be seen that the aspect-ratio effect, which is the fundamental of many texturing methods accomplished during powder-forming process, is too weak to achieve a sharp enough texture. But, nevertheless, texture does exist in free-rolled (and uniaxially pressed) samples and it is strong enough to affect the intensities of 20-diffraction scans and, perhaps, to affect the properties of the materials to some extent. 
